From a series of experiments on nine human volunteers carrying different loads on the head up a flight of stairs at a fixed rate of ascent, it has been shown that the energy cost (E) is linearly related (r=0.97) to the gross weight carried, namely the sum of the weight of the individual (W) and the external load (L), according to E (kcal/min) =0.0737(W+L) (kg) +0.0413. The peak heart rate (PHR) attained by the subject also showed a linear correlation (r=0.88) with the gross weight PHR(no/min) =1.33(W+L) (kg) +53.69. These regressions are highly significant statistically. It has been demonstrated that, it is possible to predict from these regressions with considerable accuracy the energy cost and peak heart rate for such muscular work for a similar group of human subjects carrying similar loads by independent tests on six subjects.
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The mechanical efficiency of this physical task has been computed in each case.
The gross efficiency and the net efficiency i.e., the external work performed as percentages of the gross and net energy costs (gross energy cost minus energy cost at rest) are remarkably consistent for the different subjects, with mean value and net efficiencies respectively. A concept termed "Work Pulse", being the external work performed in kilogram meters per heart beat, has been proposed as a practical measure of efficiency. The value of this simple index for studying the work stress-strain relationship has been discussed.
In developing countries, where mechanisation has not made much headway and where a veritable army of semi-skilled or unskilled work-force is in dire need of gainful employment, it is imperative from economic considerations to engage human labour for the performance of manual jobs. One such common task is the transportation of loads, on the level, up ramps, and ladders and staircases. In building sites, warehouses, railway yards, factories, dockyards and farms, a familiar sight is the line of "coolies" with loads of earth, packing boxes, sacks, bales, bundles of produce or other goods on their head, on their backs or suspended from on the head up a flight of stairs at a fixed rate of ascent, it has been shown that the energy cost (E) is linearly related (r=0. 97) to the gross weight carried, namely the sum of the weight of the individual (W) and the external load (L), according to E (kcal/min) =0. 0737(W+L) (kg) +0.0413. The peak heart rate (PHR) attained by the subject also showed a linear correlation (r=0. 88) with the gross weight PHR(no/min) =1. 33(W+L) (kg) +53.69. These regressions are highly significant statistically.
It has been demonstrated that, it is possible to predict from these regressions with considerable accuracy the energy cost and peak heart rate for such muscular work for a similar group of human subjects carrying similar loads by independent tests on six subjects.
The gross efficiency and the net efficiency i.e., the external work performed as percentages of the gross and net energy costs (gross energy cost minus energy cost at rest) are remarkably consistent for the different subjects, with mean value and net efficiencies respectively. A concept termed "Work Pulse", being the external work performed in kilogram meters per heart beat, has been proposed as a practical measure of efficiency. The value of this simple index for studying the work stress-strain relationship has been discussed. progression was hence about 7. 67 vertical m/min. The energy expenditure (E) for the stairclimbing was determined by expired gas collection during the entire period of climb in a Douglas Bag and Haldane Gas Analysis according to standard procedures27,28). The bag and accessories were supported by an attendant climbing along with the subject and therefore are not included in the external load carried. The heart rate immediately on completion of the ascent on the fourth floor, which was the peak heart rate (PHR) attained, was recorded by timing 20 beats. The experiment was duplicated in about 50 % of the cases and the observed values were found to tally within acceptable limits .
The results of 25 experiments on the nine volunteers are included in this paper .
The mean energy expenditure of each subject resting in a sitting position on a stool was also derived from 3 observations by the same method with gas collection The mechanical efficiencies of the subjects in the experimental group were computed by the following methods.
The external work performed in kilogram metres per heart beat, termed "Work Pulse", was also computed in each case. These values are shown in Table   2 . It can be seen that the gross and net mechanical efficiencies have mean values of 23.6 % and 30.5 % ranging from 20 to 28.6 % and 24.5 to 37.4 % respectively.
The net mechanical efficiency is 6.9 % more than the gross M. E. on the average.
The 'Work Pulse' is also uniform for the subjects for no load and the two loaded stairclimbing experiments, with a mean value of 8. 61 kg x m/pulse beat ranging from 6.65 to 10.78. This constancy of the mechanical efficiency and "Work Pulse" is clearly seen when the experiments on the three subjects of the experimental group who participated in the test series also. Table 3 shows the values of gross ME and Work Pulse for these three subjects for external loads varying from 0 to 30 kg. The mean value for the subjects are 23.7 % and 8. 69 kg x m/pulse beat for Table 2 . Mechanical efficiency and work pulse during stairclimbing with load.
DISCUSSION
The regression equations relating the energy expenditure for stairclimbing and the peak heart rate to the gross weight carried upstairs make it possible to predict the value of these physiological parameters for an individual similar to the subjects in the present investigation when he attempts to carry a load up a flight of stairs of the same design. This prediction could be made within a reasonable degree of (ii) In experiments or in actual work, individuals who may exceed pre-set levels of energy expenditure or heart rate may be weeded out. For example, in many situations, it is necessary to design the muscular work so that the heart rate does not exceed 180 beats/min, a level that indicates over-exertion. gressively small in comparison to the exercise value. Further, as pointed out earlier, there is some discrepancy in reporting the net mechanical efficiency values, depending on which base condition is taken for computation.
However, in computing these efficiencies, the external work performed is taken as the work involved in lifting a given weight vertically over a given distance. This procedure ignores the fact that the individual simultaneously traverses a certain horizontal distance, which accounts for a part of the gross energy cost. This part of the energy consumption has not been deducted from the energy cost used in the M. E. formulae. In fact, some amount of anerobic work is performed during stairclimbing, which increases with the strenuousness of the work, which is compensated during recovery. This `energy debt' , has to be added to the energy cost of the exercise to derive the true mechanical efficiency.
By doing so, the efficiency value would be reduced by about 50 % for strenuous exercise. However, the recovery energy expenditure is proportion to the energy cost of exercise ; hence, the gross efficiency may be used for comparative studies, especially because it is rather difficult to assess the energy debt accurately.
Considering all these facts, a new parameter "Work Pulse", being the kilogrammeters of external work performed per heart beat, is proposed as an index of efficiency. The work pulse for stairclimbing with load as in the present experiment has a mean value of 8.61 kg m/pulse beat within a narrow range. This value reflects the work stress and its reciprocal is a measure of the pulse response to or circulatory strain due to exertion. This parameter "Work Pulse" could be refined further by counting the total number of pulse beats during the exercise, say, with the aid of an integrating pulse counter. Even better might be the use of the "cardiac cost" as defined by Brouha et al33) , since it includes the excess pulse beat during the recovery period also. Nevertheless, the "Work Pulse", as defined here, is quite simple and convenient for field application and in relative studies where the peak or steady heart rate and the external work output could be readily determined. 
